Abstract Stroke is the fourth killer and number one cause of adult disability in the United States. The estimated direct and indirect costs of stroke care in this country are $68.9 billion for 2009. The prevalence of stroke and its cost will undoubtedly rise as the aging population increases. In addition, stroke incidence and mortality are increasing in less developed countries in which the lifestyles and population restructuring are rapidly changing. More population-based research to assess incidence, risk factors, and outcomes are needed in these countries. Epidemiologic studies can help identify groups of individuals or regions at higher risk for stroke. They can also help us better understand the natural history of certain conditions and therefore push the direction of therapeutic investigations. Furthermore, the study of trends across different time periods and different populations can help investigators evaluate the effects of stroke care programs and treatment options.
Introduction
Epidemiologic studies on stroke help us with understanding the natural history of the disease, identification of risk factors, and prognostic factors that can lead to markers for disease mechanisms. Epidemiology and observational data can inform scientists of possible novel areas for more focused research. They help us identify the individuals, groups, or geographic areas that are at increased risk of disease or poorer outcomes. Critical analyses of the factors that are involved in those cases of higher risks and poorer outcomes can lead to a better understanding of the underlying causes. Furthermore, knowing which individuals, groups, or geographic areas are at risk helps physicians and public health policymakers to develop more effective target programs to reduce the risk of stroke, stroke mortality, and disability.
Prevalence and Incidence
Stroke, a highly prevalent condition, exacts a substantial societal toll in the form of the "Dreaded-D's," which are the leading cause of chronic disability, the second leading cause of dementia, and the fourth leading cause of death in the United States (U.S.) [1] . The worldwide impact of stroke seems to be even more pronounced than it is in the U.S., but overall estimates vary widely and may not necessarily be consistently reliable [2] . In the U.S., the prevalence of stroke is roughly 3% of the adult population, which translates to approximately 7 million individuals [1] .
Approximately 800,000 primary (first-time) or secondary (recurrent) strokes occur each year in the U.S., with the majority being primary strokes (roughly 600,000) [1] . Of these strokes, approximately 87% are ischemic infarctions, 10% are primary hemorrhages, and 3% are subarachnoid hemorrhage. Worldwide estimates indicate that primary hemorrhages constitute a higher percentage of all strokes, ranging from 10% to 25%. Individuals of Asian, African, and Latin American origin tend to have a higher frequency of primary hemorrhage than persons of European origin [1] . In addition, although primary hemorrhage accounts for 10 to 17% of all strokes in Western countries, in Asian it is approximately 25% [3] .
The incidence of stroke rapidly increases with age, doubling for each decade after age 55 [4] . Among adults ages 35 to 44, the incidence of stroke is 30 to 120 of 100,000 per year, and for those ages 65 to 74, the incidence is 670 to 970 of 100,000 per year [1] . Stroke does occur among children, but the incidence in comparison with adults is substantially lower (i.e., approximately 1 to 2.5 of 100,000 per year), and roughly 50 to 75% of strokes among children are as a result of hemorrhage [1] . Sickle cell disease is the most common cause of childhood stroke, with the highest incidence between ages 2 to 5 years [5] .
Perhaps due to better control of vascular risk factors during the last decade, incidence rates of stroke in developed nations have modestly diminished or plateaued. For instance, in the U.S. between 1997 and 2006, the total hospital-based stroke diagnoses decreased from 680,607 to 609,359, and the age-adjusted hospital-based stroke diagnosis rate per 100,000 persons significantly declined in a linear pattern from 282.7 to 210.4 in men (26%) and from 240.5 to 184.7 in women (23%) [6] . The average rate of decrease in hospital-based stroke diagnosis rates was significantly greater in men than in women (-8.7 vs -7.5 per 100,000 persons). It has been projected that with continued aging of the population, especially in Western countries, these rates are expected to rise again dramatically during the next 40 years.
A transient ischemic attack (TIA) is classically viewed as a temporary abrupt-onset neurological deficit due to brain or retinal ischemia lasting less than 24 hours in duration. Determining the exact incidence or prevalence of TIAs can be challenging because symptoms experienced can sometimes be neurologically nonspecific, due to its transitory nature. Many patients do not seek medical attention, and for those who do seek help, it is in a delayed fashion with symptom characteristics that become hazy with time. As such, data on TIA prevalence broadly varies, but the range of 1 to 6% with prevalence in the U.S. is estimated to be 2.3% [7] . Several population-based studies have investigated the issue of TIA incidence. A study (in Rochester, Minnesota) observed a crude age-and sex-adjusted incidence rate of 68 per 100,000 persons per year for the years 1985 to 1989, the highest incidence of 584 per 100,000 noted among individuals aged 75 to 84 [8] . Other population-based TIA incidence rates range from 18 per 100,000 persons per year from 1987 to 1988 in Novosibirsk, Russia [9] to 37 per 100,000 persons per year from 1970-1973 in Estonia [10] . Data from Sweden, England, France, and Japan have also been within this range [11] [12] [13] [14] . The higher rates in the Rochester study may reflect distinct methods of case ascertainment because incidence rates for ischemic stroke are comparable. Generally, incidence rates of classically defined TIA incidence rates have remained stable with time.
An expert consensus group recently recommended a formal change in the definition of TIA to a "transient episode of neurological dysfunction caused by focal brain, spinal cord, or retinal ischemia, without acute infarction," thereby eliminating the time-based component noted in the classical definition [15] . The decision to consider adopting a tissue-based (not an arbitrary timebased) definition of TIA was primarily driven by modern imaging data, which revealed that as many as 50% of patients with transient deficits lasting <24 hours have evidence of brain ischemia on initial magnetic resonance imaging, and 50% of those with initial abnormalities on magnetic resonance imaging show evidence of fixed infarction on subsequent images. Estimates suggest that the potential epidemiologic impact of adopting a tissuebased definition of TIA in the U.S. would lower annual incidence rates of TIA by 33% from roughly 180,000 to 120,000, and would increase the rate of ischemic stroke by this amount [16] .
Another change in our approach to TIA stems from a better understanding of its short-term prognosis. It is now clear that that the risk of future vascular events within 3 months is as high or higher after TIA, as after completed stroke, and this risk is highest within the first week after TIA [17] . Comparisons across studies point to a 90-day stroke risk ranging from 10 to 20% after TIA [17] . In response to this new knowledge, prediction scores have been developed and validated to facilitate better decisionmaking in the evaluation of imminent risk of stroke after TIA [18] . These scores could potentially be used to identify TIA patients who may require urgent admission, but have not yet been tested in a clinical trial.
Prevalence of asymptomatic cerebral ischemia noted on brain imaging among persons aged 55 to 64 years is 11%, and this rises to 22% for those aged 65 to 69 years, 28% for those aged 70 to 74 years, 32% for those aged 75 to 79 years, 40% for those aged 80 to 85 years, and 43% for individuals ≥85 years of age [1] . U.S. data revealed that 17.8% of the U.S. population ≥45 years of age with no prior diagnosis of stroke or TIA reported at least 1 symptom of stroke. Prevalence of these strokerelated symptoms were more likely among blacks vs whites, persons with lower income and lower educational attainment, and those with fair to poor perceived health status [1] .
Risk Factors
Prevention remains the most viable avenue for lessening the burden of stroke on society, particularly given the high incidence of stroke worldwide, insidious contribution of stroke risk factors, and the paucity of proven acute stroke therapies. Longitudinal studies have identified several characteristics/conditions that boost a person's risk for primary or recurrent stroke [4, 19] . These risk factors are viewed as nonmodifiable or modifiable and generally apply to primary and recurrent stroke. Nonmodifiable risk factors serve as markers for high stroke risk (Table 1 ) [4] , whereas modifiable risk factors are amenable to intervention for lower stroke risk. A population-based study that compared two epochs (1981 to 1984 vs 2002 to 2004 in Oxfordshire, United Kingdom) observed a lowered population level in the prevalence of multiple risk factors (including smoking, elevated cholesterol, and high blood pressure) was linked with a reduction for stroke incidence. Recently, an international case-control study (i.e., the INTERSTROKE study) of 3000 stroke cases, and corresponding number of controls, showed that roughly 90% of strokes could be explained by 10 risk factors: 1) hypertension, 2) diabetes, 3) cardiac causes, 4) current smoking, 5) abdominal obesity, 6) hyperlipidemia, 7) physical inactivity, 8) alcohol consumption, 9) diet, and 10) psychosocial stress and depression [20] . Nonetheless, unexplained stroke risk and increasing realization that atherosclerosis is the culprit in most strokes is, in part, an inflammatory condition that has led to a search for novel modifiable stroke risk factors. Some of the potentially modifiable ischemic stroke risk factors being studied are listed in Table 2 [21, 22] . Risk factors for primary intracerebral hemorrhage are shown in Table 3 and overlap to some degree with those for ischemic stroke [3] .
Modifiable Medical Risk Factors
Hypertension Hypertension is the most prominent modifiable risk factor for ischemic stroke, and it afflicts more than 75 million adults ≥20 years of age in the U.S. [1] . Due to its widespread prevalence, depending on age group, the population attributable risk of hypertension for stroke is as great as 40% [4] , and in the INTERSTROKE study, depending on the definition used, hypertension accounted for as great as 50% of the risk of stroke [20] . Hypertension prevalence varies by race ethnicity (highest in blacks), resulting in a differential effect of hypertension on stroke risk by race ethnicity. Elevated stroke risk has been linked with all stages of hypertension and isolated systolic hypertension [23] . In fact, the risk of stroke seems to have a continuous association with blood pressure down to levels as low as 115/75 mmHg [23] . In light of this, the national guidelines redefined categories of hypertension so that normal systolic blood pressure is <120 mmHg and normal diastolic blood pressure is <80 mmHg [24] . Most recently, it has been suggested that the variability in blood pressure measurements (visit to visit, distinct measurements within a given visit) are associated with greater risk of stroke [25] .
Atrial Fibrillation Chronic atrial fibrillation (AF) is a strong stroke risk factor and it is estimated to affect more than 2.6 million persons in the U.S. in 2010 [1] . Among individuals >65 years of age, the prevalence of AF is approximately 6%. Because the prevalence of AF rises with age, the attributable risk of stroke due to AF is highest in much older age groups [4] . So, for instance, AF may account for as much as 25% of strokes among persons aged 80 to 89 years. The risk of stroke is approximately 20 times higher among AF patients with valvular disease and five times higher among AF patients with nonvalvular disease compared to patients without AF [26] . Clinical trial and epidemiological data have been used to derive various stroke risk stratification schemes that can be used in clinical practice for AF patients [26] . Of note, outpatient continuous arrhythmia monitoring is increasingly showing that AF may actually be responsible for a higher percentage of unexplained strokes than was previously known [27] .
Coronary Artery Disease Individuals with a presence of coronary artery disease have double the risk of stroke compared to patients without coronary artery disease [19] . The attributable risk of stroke due to coronary artery disease is approximately 12%. Coronary artery disease patients with left ventricular hypertrophy have 3 times the risk of stroke, whereas coronary artery disease patients with congestive heart failure have 4 times the risk [19] . Within 5 years of a myocardial infarction, the rate of stroke is 8.1% [28] , and older patients or patients with a cardiac ejection fraction less than 28% are at higher risk of stroke.
Diabetes A population-based study of more than 14,000 subjects observed that the presence of diabetes was independently related to a greater risk of ischemic stroke (adjusted risk ratio, 2.26) [29] . In the Northern Manhattan Stroke Study (NOMASS), the prevalence of diabetes was as high as 22% among elderly black subjects, and as high as 20% among elderly Hispanics, with corresponding attributable stroke risks of 13% and 20%, respectively [4] . Insulin resistance without the presence of overt diabetes is associated with a greater risk of stroke. In the Atherosclerosis Risk in Communities study, elevated fasting insulin levels in nondiabetics was related to higher risk of stroke (relative risk, 1.19 per 50 pmol/L rise). Furthermore, among nondiabetic subjects in NOMASS, those with elevated measurements of insulin resistance were significantly more likely to have a first ischemic stroke, even after adjusting for other risk factors and the metabolic syndrome [30] . The metabolic syndrome, a constellation of glucose dysmetabolism, obesity, hypertension, and dyslipidemia has been shown to independently confer greater risk of first and recurrent stroke [31, 32] . It is unclear if metabolic syndrome confers a greater risk of first stroke than what one would expect for its components [33] .
Dyslipidemia Abnormalities in several serum lipid indices have been linked to symptomatic vascular disease. These associations have been particularly robust in regard to coronary artery disease, but at times it is conflicting in regard to stroke [4] . However, many early studies that examined the relationship of lipids with stroke only examined total serum cholesterol levels and did not include stroke subtyping. Not accounting for the heterogeneity of stroke pathophysiology (vs coronary artery disease), likely contributed to the inconsistent findings [4] . Recent studies that have addressed the limitations of prior studies generally have shown an association of elevated serum triglycerides, total cholesterol, low-density lipoprotein cholesterol, and nonhigh-density lipoprotein cholesterol with ischemic stroke risk, especially atherosclerotic and lacunar stroke subtypes. For instance, in 1 study the highest total cholesterol quintile was related to greater ischemic stroke risk vs the lowest quintile (odds ratio, 1.6; 95% confidence interval, 1.3 to 2.0), and the most robust subtype associations were for atherosclerotic stroke (OR, 3.2) and lacunar stroke (OR, 2.4) [34] . Elevated high-density lipoprotein cholesterol was shown to be protective for stroke in NOMASS [4] .
Asymptomatic Carotid Stenosis Prevalence of asymptomatic carotid stenosis rises with age, and can be found in more than 50% of individuals 65 years of age or older. Earlier studies found the risk of stroke with asymptomatic carotid stenosis to be approximately 1.3% per year among patients with stenosis less or equal to 75%, and approximately 3.3% annually among patients with stenosis greater than 75% [35] . The "best" medical therapy has changed because the publications of clinical trials have compared carotid endarterectomy with medical therapy for asymptomatic carotid stenosis [36] . The risk of stroke associated with asymptomatic carotid stenosis has fallen significantly during the past 20 years [36, 37] . With contemporary medical therapy, the average annual rate of ipsilateral stroke is estimated to be <1%.
Modifiable Lifestyle Risk Factors
Cigarette Smoking Smoking is associated with reduced blood vessel distensibility/compliance, elevated fibrinogen levels, increased platelet aggregation, decreased highdensity lipoprotein cholesterol levels, and higher hematocrit [4] . The relative risk of stroke for smokers included in a large meta-analysis was 1.5, and a dose-response association with higher stroke risk has been observed in heavy vs light smokers. Roughly 18% of strokes are attributable to active cigarette smoking. Stroke risk associated with former smoking has been shown to substantially decrease with increasing time because of cessation, and the Framingham study found stroke risk to be at the level of nonsmokers at 5 years from cessation. Even passive cigarette smoking boosts progression of atherosclerosis. Indeed, there is a greater risk of ischemic stroke (relative risk, 4.8) among cigarette-smoking women with a cigarette-smoking spouse vs those with a nonsmoking spouse. Finally, smoking modifies the influence of oral contraceptives on stroke risk, as there seems to be a 7-fold rise in risk among persons who both smoke and use oral contraceptives [38] .
Alcohol Consumption
Heavy alcohol consumption is associated with elevated blood pressure, enhanced coagulability, cardiac arrhythmias, and decrease in cerebral blood flow [4] . On the other hand, light-to-moderate consumption has been linked to elevated high-density cholesterol and endogenous tissue plasminogen activator levels. Increasing alcohol consumption is associated with greater risk of hemorrhagic stroke in a dose-dependent manner. However, studies evaluating the impact of alcohol consumption on ischemic stroke risk have not shown consistent results. Indeed, the majority of published evidence points to a protective effect of light-tomoderate drinking (1-2 drinks per day) on the risk of ischemic stroke including data from the Nurses' Health Study and NOMASS (adjusted odds ratio, 0.5).
Physical Inactivity Increased physical activity is associated with reductions in fibrinogen, homocysteine, and platelet activity, as well as elevations in high-density lipoprotein cholesterol and plasma tissue plasminogen activator activity [4] . Observational data show that physical activity is linked with lower stroke risk, whereas sedentary behavior is related to higher stroke risk. A meta-analysis of 23 studies that examined the relationship of physical activity with risk of stroke noted that highly active subjects experienced a 27% lower risk of stroke or mortality vs low-active subjects.
Stroke Outcomes
Stroke is the fourth leading cause of death in the U.S. and the number 1 cause of long-term disability worldwide. It is estimated that someone dies of a stroke every 4 minutes in the U.S. [39] . In 2006, approximately 47% of stroke deaths occurred in the hospital [40] . The 1-month case fatality rate in the U.S. for all strokes ranges from 10% to 15% [41] [42] [43] [44] . The case fatality rate is lower for ischemic stroke (8-12%) compared to hemorrhagic stroke (33-45%) [43] [44] [45] . There are approximately 6.4 million stroke survivors living in the U.S. The estimated direct and indirect cost of stroke for 2007 is $62.7 billion [46] . At 6 months after stroke, 35% had depressive symptoms, 30% were unable to ambulate without assistance, and 26% were dependent in activities of daily living [1] . Understanding the factors that are associated with clinical outcomes can lead to more effective interventions to reduce case fatality and mortality, and to improve functional status in patients with stroke.
Effect of Age on Outcomes
Stroke incidence increases with age [39] . With prolonged life expectancy, we can expect to see an increasing number of older patients presenting with stroke. How age influences stroke outcome has been the subject of a number of studies [43-45, 47, 48] . Many have found age to be associated with poorer outcomes, independent of stroke type. In general, older patients were more likely to be discharged to an institution other than home, and were more disabled and more severely handicapped at 3 months after stroke [47, 48] . Those ≥80 years old with stroke had a longer length of stay compared to younger patients (24.7±27.6 vs 22.3± 24.2 days; p=0.013) [48] . In-hospital mortality and case fatality also increase with age [47, 48] . Case fatality rate for those ≥80 years old can be as high as 21% [48] . Although age seems to influence activities of daily living recovery, it has not been found to have an effect on neurological recovery [47] . This may suggest that older patients have a poorer ability to compensate, and therefore may benefit more from rehabilitation with a focus on activities of daily living.
Effect of Gender on Outcomes
Gender differences in heart disease are well recognized, but less is known of gender differences in stroke. Although age-adjusted stroke mortality rates for men are higher than for women overall, due to their longevity, more women die of stroke each year than men, accounting for almost 61% of all stroke deaths in the U.S. in 2006 [39] . A number of studies have shown that women have more severe strokes than men [49] . It has also been estimated that women with acute ischemic stroke were 30% less likely to receive thrombolysis treatment with intravenous tissue plasminogen activator (tPA) than men [50] . Based on community studies, it has been found that women have a higher case of fatality rate than men, although confounders were not adjusted for all the studies. From 21 studies, the pooled case fatality for men was 19.7% and for women it was 24.7%; therefore, it is 1.25 times higher among women (95% confidence interval, 1.17 to 1.34) [49] . In addition, women who survive stroke seem to have less favorable outcomes than men. Women have longer length of stay and are less likely to be discharged home [51] [52] [53] [54] . Female gender independently predicts poorer prognosis and less independence at 3 to 6 months poststroke, even after adjustment for age, comorbidities, and other clinical features [51-53, 55, 56] . The etiology of these differences is unclear. A large multi-center study across Europe has noted that gender, rather than stroke severity, was a major discriminating factor for the use of diagnostic neuroimaging studies or therapeutic interventions, such as carotid surgery [51] . More studies are needed to identify modifiable determinants of poorer stroke outcomes in women (such as usage of available diagnostic or therapeutic options, secondary stroke prevention measures, rehabilitation efforts, or social networks) so that targeted interventions can be instituted to reduce these disparities.
Geographic Variations in Outcomes
Many studies have described geographic variations in stroke mortality in the U.S., with higher rates seen in the Southeastern U.S. ("Stroke Belt") since at least the 1950s. Using data from the Medicare Enrollment Database, 1 study found that the overall recurrent ischemic stroke rates declined by almost 5% from 1994 to 2002 [57] . However, this varied significantly by region, and there were counties in the Southeast U.S. who had major declines in stroke recurrence, but their rates generally remained greater than the national average. Globally, there are also regional differences in stroke mortality with a higher burden seen in North Asia, Eastern Europe, Central Africa, and the South Pacific [58] . The causes of such geographic variations remain unclear. One of the many hypothesized reasons is geographic variations in stroke risk factors. However, in the U.S., an analysis using risk factor data from the Reasons for Geographic and Racial Differences in Stroke (REGARDS) study showed that the risk factor hypothesis likely only explains a small percentage of the geographic variation for stroke mortality [59] . Globally, national income has been reported to be a strong predictor of stroke burden and mortality. However, this association did not change much with adjustments for typical vascular risk factors, which were more prevalent in high-income countries [58] . Other hypotheses to explain geographic variations include differences in socioeconomic status (SES), lifestyle choices, infection rates, other novel risk factors, access to care, and aggressiveness of care, but data to support these are lacking.
Effect of Socioeconomic Status on Outcomes
The relationship between poverty and health inequality has been demonstrated in many different countries and at different levels of national healthcare coverage [60] [61] [62] . What drives this relationship is unclear because comparisons between published studies are difficult to make due to the heterogeneity of the studies, including the choice of which indicator of SES to measure (income, education, occupation, class, and so forth). The fact remains that these proxy measures of SES have been shown to be inversely associated with stroke case fatality, poorer functional and motor recovery during rehabilitation, less health services after stroke, and increased recurrent stroke risk [62] [63] [64] [65] . Stroke burden and mortality vary greatly geographically, but low-income countries are the most affected ( Fig. 1 ) [58] . Some possible mechanisms by which SES variables are associated with disease outcomes are by creating differentials in the use of social support structures, healthcare systems, and access to knowledge and resources [62] .
Effect of Race Ethnicity on Outcomes
In 2007, the death rate for stroke was 40.2 per 100,000 for white males and 67.1 per 100,000 for black males, and 39.3 for white females and 55.0 for black females [1] . Mortality rates from intracerebral hemorrhage for blacks and Asian Pacific Islanders (API) were 1.7 and 1.5 times higher than whites for 1995 to 1998 [66] . For subarachnoid hemorrhage during the same period, all ethnic groups had higher rates than whites.
Racial disparities in stroke incidence and outcomes have been well-described. Cultural and environmental mechanisms play a role in racial ethnic stroke disparities, including aspects of socioeconomic class, access to care, discrimination, and cultural variations in risk factors. There is strong evidence that blacks in the U.S. have higher stroke incidence and higher death rates for all stroke subtypes compared to other racial groups [39] . Asian Pacific Islanders have been found to have a higher death rate from intracerebral hemorrhage than whites [66] . The Brain Attack Surveillance in Corpus Christi project found Mexican Americans to have a higher risk of stroke recurrence than non-Hispanic whites, and found that this risk was strongly associated with a risk of death [67] . However, it is less clear what accounts for these types of differences.
The Brain Attack Surveillance in Corpus Christi project did not find a significant difference in ischemic stroke subtypes among Mexican Americans and non-Hispanic whites, and therefore they were unlikely to be strong predictors of differences observed in stroke incidence or mortality between these ethnic groups [68] . In recent years, it has become clear that intracranial atherosclerotic disease occurs at a much higher prevalence among Asians, blacks, and Hispanics [69] . The poor natural history of intracranial atherosclerotic disease likely contributes to the rates of poorer outcomes in these ethnic groups. Many studies have examined the various risk factors for stroke and their prevalence and control among different racial ethnic groups. Blacks consistently have higher rates of hypertension [70] [71] [72] . The diabetes rate was alarmingly high among Native Americans (62%) [73] . Among others, uncontrolled risk factors can contribute to the poorer outcomes after a stroke.
Administration of thrombolytic therapy, which is associated with better functional outcomes, is highly dependent on the timely arrival at a medical center. There is little data on racial ethnic variations in acute stroke care and outcomes, and the results from available studies are contradictory and inconclusive. Some have reported that being Asian was independently predictive of delay in presentation [74] . Similar studies looking at delays in New York and in the Stroke Belt did not find an association between ethnicity and delay [75, 76] , whereas another study conducted in San Diego detected a trend toward delayed presentation among blacks [77] . Also, blacks were less likely to receive intravenous tPA [78, 79] . Although delays in presentation and contraindications were seen more frequently in blacks, these were not statistically significant from whites [78] . Blacks were also less likely to receive care from a neurologist, and studies have found that neurological care has beneficial effects on stroke outcomes [79] [80] [81] .
Studies have also found ethnic differences in stroke care and work-up during hospitalization that potentially influences short-and long-term outcomes. A large study using Get with the Guidelines database for 1181 hospitals examined the quality of ischemic stroke care received by blacks, whites, and Hispanic stroke patients for a 5-year time span [82] . The study found that blacks received fewer evidencebased care processes than Hispanic or white patients, including lower odds of receiving intravenous thrombolysis, deep vein thrombosis prophylaxis, smoking cessation, discharge anti-thrombotics, anticoagulation for atrial fibrillation, and lipid-lowering therapy. The overall quality of care was observed to improve during the 5-year study period for all ethnic groups.
Trends in Stroke
In general, the trends in stroke incidence and mortality rates have decreased in the recent decades for high-income countries such as the U.S., the United Kingdom, and Canada [83] [84] [85] [86] . Analyses from the Framingham Study revealed a decrease in stroke incidence for the past 50 years, although the lifetime risk of stroke did not decrease to the same degree [86] ; this may reflect both an improvement in risk factor control, as well as an improvement in life expectancy. Population-based studies in Oxfordshire (United Kingdom) showed a major reduction in age-and genderspecific stroke incidence for the past 20 years [85] . This decline was found to be associated with an increased use of preventative treatment and better control of vascular risk factors, including hypertension, hyperlipidemia, and smoking. Stroke mortality improvement during 1990 to 2002 was observed in the U.S. and in Canada after mandatory folic acid fortification was in place, but not in England and Wales in which the fortification was not mandatory during the same period [84] . There have also been advancements in acute stroke care and this may have led to a nationwide decrease in the percentage of stroke hospitalizations resulting in death in the U.S. [87] . This decrease was seen regardless of stroke subtypes (Fig. 2) .
While there have been reports of decreased stroke incidence and mortality in high-income countries, the opposite has been observed in low-to-middle income countries [83] . A systematic review of population-based studies has found more than 100% increase in stroke incidence in these countries. Early stroke case fatality is decreasing in both high-income and low-to-middle income countries. However, the overall early stroke case fatality in low-to-middle income countries is found to be 25% higher than that seen in high-income countries in the past decade. The reasons for these differences are unclear, but low-tomiddle income countries are unlikely to have the same advancements in acute stroke care and secondary stroke prevention measures as seen in high-income countries in the recent decades.
Although advancement in stroke prevention and management has led to many successes in the fight against this disease for the past 2 decades, many challenges remain as clinicians and investigators continue to try and uncover the underlying causes behind the many disparities in stroke burden and outcome observed in epidemiologic studies to be able to design interventions to improve stroke mortality and disability for all. 
